Risk and Risk Reduction of Major Coronary Events Associated With Contemporary Breast Radiotherapy
Long-term breast cancer survival rates have improved markedly over recent decades, so minimization of long-term treatment-related complications is increasingly important. Several reports have suggested links between breast cancer radiotherapy and long-term cardiovascular mortality. 1 A recent analysis by Darby et al 2 of patients treated with breast radiotherapy between 1958 and 2001 revealed a statistically significant linear dependence of the risk of major coronary events on mean cardiac dose. We use these historical data to estimate risks of major coronary events induced by modern breast radiotherapy. Our motivation is to quantify contemporary risks and also to guide efforts to minimize radiotherapy-induced cardiovascular risks.
Methods | The risk estimates derived here were based on contemporary patient-specific radiation doses averaged over the cardiac volume (hereafter, mean cardiac dose). These were derived from breast radiotherapy treatment plans for 48 patients with stage 0 through IIA breast cancer who were treated after 2005 at New York University Department of Radiation Oncology. 3 Two treatment plans, for supine and for prone treatment positions, were generated for each patient. This was a prospective trial and received institutional review board approval. Informed consent was obtained from all participants. Excess absolute risks (R) of radiotherapy-induced major coronary events (defined, as in Darby et al, 2 as myocardial infarction, coronary revascularization, or death from ischemic heart disease) were calculated for each patient, on the basis of patient-specific mean cardiac doses and using the doseresponse relationship reported by Darby et al for these end points:
Here, D is the mean cardiac dose (in grays) and B is the baseline risk for a major coronary event, as defined in the previous paragraph. Because the radiation-associated risk depends on the baseline risk, we report risk estimates for typical low-risk, medium-risk, and high-risk patients, with baseline risks (B) estimated (Table) on the basis of the standard Reynolds algorithm.
4 Cardiac risks were calculated over 20 years after radiotherapy, the approximate mean life expectancy after early-stage breast cancer.
Results | For standard supine-positioned radiotherapy, the patient-averaged mean cardiac dose was 1.37 (95% CI, 1.12-1.61) Gy (to convert to rad, multiply by 100), less than one-third of the average mean cardiac dose reported 2 for breast radiotherapy from 1958 to 2001. As expected, 3 mean cardiac doses were significantly lower for right-sided than for left-sided breast radiotherapy (2-tailed P = .001 for supine positioning and <.001 for prone positioning). For left-sided (but not right-sided) radiotherapy, treating in a prone position resulted in a halving of the mean cardiac dose.
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Letters Shown in the Table are the predicted lifetime risks of major coronary events induced by contemporary breast cancer radiotherapy, stratified by left vs right side radiotherapy, by supine vs prone treatment position, and by low, medium, or high baseline cardiac disease risk. The highest estimated radiotherapy-induced risks were for left-sided radiotherapy in highcardiac risk women treated in the supine position (3.52% [95% CI, 1.47%-5.85%]), whereas the lowest risks were for rightsided radiotherapy in low-cardiac risk women (<0.1%).
Discussion | Cardiac doses from breast radiotherapy have generally decreased during recent decades (although not for all modern treatment techniques), so typical risks of major cardiac events associated with contemporary radiotherapy are lower than in earlier eras.
2 Estimated lifetime risks of major coronary events for patients who receive radiotherapy for breast cancer are now in the range from 0.05% to 3.5%, with a typical value of 0.3% for a typical scenario. The highest cardiac doses and excess cardiac risks result from supine positioning during left-sided radiotherapy; for left-sided radiotherapy, prone positioning significantly reduces cardiac doses and risks. 3 For right-sided radiotherapy, where the heart is always out of field, cardiac doses and risks are smaller, and prone vs supine positioning has little effect, although prone position radiotherapy does reduce ipsilateral lung doses and thus reduces potential second lung cancer risks.
6
Because the effects of radiation exposure on cardiac disease risk seem to be multiplicative, 2 the highest absolute radiation exposure risks correspond to the highest baseline cardiac risk. Consequently, radiotherapy-induced risks of major coronary events are likely to be reduced in these patients by targeting baseline cardiac risk factors (cholesterol, smoking, hypertension), by lifestyle modification, and/or by pharmacological treatment. 
